A convenient representation of a vector quantity (e.g. the shear stress on a specified plane) is by contours which exhibit its resultant magnitude and by 'trajectories' which have its direction at every point. But it sometimes happens that only its components in two per pendicular directions are known, and then, while the contours are easy to construct, deriva tion of the ' trajectories ' presents a special problem. If this can be solved, tensor quantities also will be representable, e.g. a state of plane stress.
1.
This paper deals with a class of problem having importance in various branches of mathematical physics, and special importance in the theory of elasticity. Its worked examples all relate to the representation of stress, and its title has been chosen accordingly; but it has much wider application.
G r a p h i c a l r e p r e s e n t a t i o n o f a v e c t o r q u a n t i t y 2.
A vector quantity has magnitude and direction, therefore requires two quan tities for its specification. For example, the shear stress on a plane y) can be speci fied by its components S cos 6, Yz = 8 sin S denoting the resultant shear intensity, 6 the inclination of its direction to the axis Ox. If now it is desired to present this specification graphically, an obvious means of doing so will be (a) a diagram showing by contours the variation of S, (b) a family of 'stress trajectories' which, being everywhere inclined at 6 to Ox, have the direction of the resultant shear.
From ( 
More generally, i.e. when (7) are not satisfied, three further quantities are entailed. But Zz can be exhibited by contours, and the shear stress of which Zx, Zy are com ponents can be represented by contours and by 'stress trajectories' in the manner of § § 2-3; so the only problem remaining is to represent, far all points in a specified plane (x,y), a state of stress specified by its components X x, Yy, X y when these are not given by functional expressions of the type of (8).
* Thus the stresses induced by torsion in a rod of circular section but non-uniform diameter have the expressions £= * ? * , ; ? " ! * (i) r2 dr r2 dz m terms of a function (j>which has a constant value on the generator of the stress-free boundary and which satisfies the equation Love (1927, §57) cites a mode of presentation suggested by Michell (1901), but implies that a complete representation of stress is not practicable. It would seem, however, to present no special difficulty once the problem of vector representation ( § § 2-3) has been solved; for a stress defined by X x, Yy, X y will be completely repre sented by (a) a set of orthogonally intersecting trajectories directed along the planes of principal shear stress, together with (b) contours exhibiting the local intensity of the principal shear stress and (c) contours exhibiting the distribution of (Z x + r y), a quantity which is invariant for change of axes. The intensity ( of the principal shear stress is given by | S | = M { (x x-r " r + i X i } ,
and (a) the planes of principal shear stress are inclined to Ox at angles d2 which are roots of the equation cot 2 6 = -2Xy/(X x -Yy). 
O u t l i n e o f t h e r e l a x a t i o n a l a t t a c k

5.
Graphical representation of stress, whether this be a vector or a tensor quantity, thus entails the finding of a function ft which satisfies an equation of the type of
in which X z, Ys are known. This is a purely mathematical problem, not yet attacked by Relaxation Methods. For orthodox (analytical) methods it would seem to be in general difficult, even when X z, Yz are specified functions of x and y\ and insoluble when, as will often happen, their functional forms are not known.* It is clear that solutions will be in some degree arbitrary, since (4) is still satisfied when ft is replaced by any function of ft. For the same reason, any values may be given to ft along contours which are known initially, either as being parts of a stressfree boundary, or from considerations of symmetry. But there is nothing arbitrary in the shapes of the resulting contours, which alone have practical importance; and the problem yields without difficulty to a relaxational treatment, and dftjdy * In hooks, for example, the shear stress on a cross-section can be related (along with the other four stress-components) with two stress functions < f> and xjf (Southwell 1942, § 26); but the stress functions have not so far been determined analytically, and although they can be found by Relaxation Methods, these give values of the stress-components only at nodal points of a chosen net. 9-2 in (4) being replaced, as usual, by finite-difference approximations. Details will be best explained in relation to particular examples.
Example 1 6. It can be shown (Love 1927, §231 (/)) that, when Poisson's ratio
represent (with neglect of a constant factor) the shear stress called into play when a uniform shearing action is applied to a beam of which the axis is Oz and crosssections are bounded by the curve x*ja2+ 16y*/a* = 1.
This curve is symmetrical with respect both to Ox and to and clearly Ox is one of the wanted contours, since at every point on it = 0. Accordingly /? may be given the values zero along Ox, 100 along the curved boundary (13). Since fi must also have symmetry about Oy, computation may be confined to a single quadrant.
This In figure 3 , where the semi-axes are 4 and 2, so that = 4 in (12) and (13), values of (x2 -16) and of \xy are recorded at nodal points, and the lengths of all strings are shown (in square brackets). Trial values for ft gave calculable 'residuals ' at the internal nodes: these were liquidated by driving them towards the axis Oy, where ft, being unrestricted, could be altered to liquidate residuals at neighbouring (internal) nodes.
Example 2
8.
Our second example is of the kind discussed in § 4. We seek a graphical repre sentation of the solution found in an earlier paper of this series to a problem in 'plane strain',-namely, the effect of specified boundary displacements* imposed on a rectangle having sides in the proportion 3 :1 . 
A diagram in the earlier paper presented its solution in the form of displacement values computed for nodal points bf a square-mesh net: for this investigation those values were recalculated to one more significant figure (figure 4) , and from them distributions of (Xx -Ty) and of X y were derived and recorded in figur present purposes absolute magnitudes are not material.) It would of course be possible to deduce the corresponding stress function y: the problem here, how ever, is to replace figure 5 by diagrams of the type of (a), (6) 
9.
Figure 6 records the nodal values of 6lt one of the two roots of equation (11) Relaxation methods applied to engineering problems 133 F ig ure 9. Example 3: trajectories and contours of principal stress difference ( = 2 x principal shear stress). The two orthogonally intersecting families are exhibited in figure 7, together with bold-line contours, deduced from (10), which give the intensity of the principal shear. Figure 8 shows the variation of the stress sum (Xx + Yy) as deduced from figure 4. Here too, no novel problem is confronted.
J ._ -
Example 3
10.
Figures 9 and 10 (corresponding with figures 7 and 8) show the same problem solved for a stress system which is partly plastic, partly elastic, so that the contours exhibit ' r e f r a c t i o n ' at a plastic-elastic interface. The stress system is that induced by tension applied along the horizontal centre-line of a symmetrical specimen having two semicircular notches which form a 'w aist'. The computed stresscomponents, being based on a particular hypothesis regarding plastic strain, are open to question; but this is of no importance to the present paper, which is concerned solely with the graphical representation of a specified stress. It is deduced from the conservation of the energy-momentum tensor that if the flow of energy and momentum into a tube surrounding a time-like world-line, on which the field is singular, become singular as the size of the tube is contracted to zero, then the singular terms are necessarily perfect differentials of quantities on the world-line with respect to the proper time along the world-line. The same can be proved of any other tensor, as, for example, the angular-momentum tensor, which is conserved. It is proved from this that for any poiw^-particle whatever having charge, spin or other properties, which need not be specified, it is always possible to deduce exact equations of motion which are finite.
It is proved further that if the energy-momentum tensor is altered by the addition of dK^/dx*7, where K^V G is any tensor antisymmetric in v and cr, then the equations of motion are unaltered, but it i possible to choose K^va in such a way as to make the flow of energy and momentum into a given tube non-singular. By a point-particle is understood a particle whose field-producing and inertial properties are all located at a point. The particle may have a finite charge and a finite mass, but the charge density and mass density are exactly zero at every point of space other than the point at which the particle is located at that instant o f time. The motion of the particle through space-time is therefore described by a time-like world-fine. If the particle possesses a dipole or a higher multipole moment, then this is described by a suitable co-ordinate having a given value at each point of the
